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(54) Apparatus for performing a minimally invasive total hip arthroplasty 



(57) A method and apparatus for performing a min- 
imally invasive total hip arthroplasty. An approximately 
3.75 - 5 centimeter (1.5-2 inch) anterior incision is made 
and the femoral neck is severed from the femoral shaft 
and removed through the anterior incision. The acetab- 
ulum is prepared for receiving an acetabular cup 
through the anterior incision, and the acetabular cup is 
placed into the acetabulum through the anterior incision. 
In one exemplary embodiment, a posterior incision of 



approximately 2 - 3 centimeters (0.8 - 1 .2 inches) is gen- 
erally aligned with the axis of the femoral shaft and pro- 
vides access to the femoral shaft. In this embodiment, 
Preparation of the femoral shaft including the reaming 
and rasping thereof is performed through the posterior 
incision, and the femoral stem is inserted through the 
posterior incision for implantation in the femur. In an al- 
ternative embodiment, preparation of the femur is effect- 
ed through the anterior incision, with the operative hip 
placed in hyperextension. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This is a continuation-in-part of co-pending Ap- 
plication Serial No. 10/053,931, filed January 22, 2002 
and published as U.S. Publication No. US2002/01 16067 
A1 , on August 22, 2002, the disclosure of which is here- 
by explicitly incorporated by reference herein, which is 
a continuation-in-part of co-pending Application Serial 
No. 09/558,044 filed April 26, 2000, the disclosure of 
which is hereby explicitly incorporated by reference 
herein. 

BACKGROUND OF THE INVENTION 

1. Field of the invention. 

[0002] The present invention relates to total hip ar- 
throplasty, and, more particularly, to a method and ap- 
paratus for performing a minimally invasive total hip ar- 
throplasty. 

2. Description of the related art. 

[0003] Orthopaedic procedures for the replacement 
of all, or a portion of, a patient's joint have been devel- 
oped over the fast 30 years. Currently, the procedures 
used to prepare the bone and seat the implants are gen- 
erally referred to as open procedures. For the purpose 
of this discussion, the term open procedure will refer to 
a procedure wherein an incision is made through the 
skin and underlying tissue to fully expose a large portion 
of the particular joint surface. In the case of a total hip 
arthroplasty, the typical incision required is approxi- 
mately 25 centimeters (10 inches) long. After the initial 
incision in the skin, the internal wound may be enlarged 
in order to fully expose the areas to be prepared. While 
this approach provides surgeons with an excellent view 
of the bone surface, the underlying damage to the soft 
tissue, including the muscles, can lengthen a patient's 
rehabilitation time after surgery. While the implants may 
be well fixed at the time of surgery, it may be several 
weeks or perhaps months before the soft tissues violat- 
ed during surgery can be fully healed. 

SUMMARY OF THE INVENTION 

[0004] The present invention provides an improved 
method and apparatus for performing a minimally inva- 
sive total hip arthroplasty. A total hip arthroplasty can be 
performed in accordance with the teachings of the cur- 
rent invention utilizing two incisions with the size of each 
of the wounds developed on the surface being substan- 
tially constant throughout the depth of the wound. The 
first incision is an anterior incision approximately 3.75-5 
centimeters (1.5-2 inches) in length made in line with 
the femoral neck and the central axis of the acetabulum. 



The second incision is a posterior incision approximate- 
ly 2.5-3.75 centimeters (1-1.5 inches) positioned to be 
generally in axial alignment with the femoral shaft. In an 
alternative embodiment, the anterior incision begins at 

5 the intertrochanteric ridge and is extended interiorly and 
medially generally on the line along which the femoral 
neck will be severed from the femur. In this embodiment, 
the anterior incision is made in line with the Langer's 
lines in the skin and therefore leads to less scarring. In 

10 the alternative embodiment, the posterior incision is 
aligned with the femoral shaft and is generally colinear 
with the anterior incision. In this way, the anterior inci- 
sion and the posterior incision can be connected to allow 
for an open procedure in the event that a minimally in- 

15 vasive procedure is planned but an open procedure is 
determined to be necessary. 

[0005] The femoral head is severed from the femoral 
shaft and removed through the anterior incision. The 
acetabular cup is placed in the acetabulum through the 

20 anterior incision, while the posterior incision is used to 
prepare the femoral shaft to receive a femoral stem. A 
femoral stem is inserted through the posterior incision 
and positioned in the femoral shaft. Procedures per- 
formed through the posterior incision may be observed 

25 through the anterior incision and vice versa. 

[0006] For the purpose of the following discussion, a 
total hip arthroplasty is defined as a replacement of the 
femoral head with or without the use of a separate 
acetabular component. The specific designs which can 

30 be utilized in accordance with the present invention in- 
clude a total hip replacement and a bipolar or monopolar 
endo prosthesis. The technique is suitable for cemented 
or cementless anchorage of the components. 
[0007] The apparatus and method of the current in- 

35 vention advantageously allow a total hip arthroplasty to 
be performed in a minimally invasive way, which has- 
tens patient recovery. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

[0008] The above-mentioned and other features and 
advantages of this invention, and the manner of attain- 
ing them, will become more apparent and the invention 
itself will be better understood by reference to the fol- 
45 lowing description of an embodiment of the invention 
taken in conjunction with the accompanying drawings, 
wherein: 

[0009] Fig. 1A is a side elevational view of a patient 
illustrating a pair of incisions made according to the cur- 
50 rent invention as well as the incision utilized in prior art 
procedures; 

[0010] Fig. 1B is a side elevational view of a patient 
illustrating an alternative pair of incisions made accord- 
ing to the current invention as well as a line joining the 
55 incision pair along which a third incision can be made to 
join the incision pair and convert the procedure from a 
minimally invasive procedure to an open procedure; 
[001 1] Fig. 2A is an anterior elevational view of a hip 
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joint illustrating the femoral neck axis; 
[0012] Fig. 2B is an anterior elevational view of a hip 
joint illustrating the line along which the femoral neck 
will be severed from the femur and further illustrating the 
location of anterior incision 44' depicted in Fig. 1B; 
(001 3] Fig. 2C is an anterior elevational view illustrat- 
ing the capsule of the hip joint; 
[0014] Fig. 3 is an anterior elevational view of the fem- 
oral neck exposed by incising the hip capsule; 
[001 5] Fig. 4 is an anterior elevational view of the fem- 
oral neck with an osteotomy guide of one form of the 
current invention operably positioned to designate a cut 
line thereon; 

[0016] Fig. 5A is a side elevational view of an alterna- 
tive embodiment of an osteotomy guide in accordance 
with the present invention; 

[0017] Fig. 5B is an elevational view thereof taken 
along the longitudinal axis of the handle; 
[0018] Fig. 6A is an anterior elevational view illustrat- 
ing the femoral head and neck severed along the cut 
line indicated by the osteotomy guide; 
[0019] Fig. 6B is an anterior elevational view illustrat- 
ing the femoral head and neck severed along the cut 
line illustrated in Fig. 2B and further illustrating the line 
along which the femoral head is severed from the fem- 
oral neck in accordance with one embodiment of the 
present invention; 

[0020] Fig. 7 is an anterior elevational view illustrating 
the removal of a portion of the femoral head and neck; 
[0021] Figs. 8A and 8B illustrate preparation of the 
acetabulum to receive the acetabular cup; 
[0022] Figs. 9A and 9B are side elevational views of 
alternative embodiments acetabular cup inserters rela- 
tive to a patient lying in the supine position; 
[0023] Fig. 1 0 is an anterior elevational view of a por- 
tion of the cup inserter illustrated in Fig. 9A and a patient 
lying in the supine position; 

[0024] Fig. 1 1 is a side elevational view illustrating the 
use of a curved awl to locate a posterior incision; 
[0025] Fig. 12 is a side elevational, partial sectional 
view of an awl in accordance with the present invention; 
[0026] Fig. 1 3 is a perspective view illustrating the in- 
sertion of a posterior retractor in the posterior incision; 
[0027] Fig. 1 4 is a perspective, exploded view of one 
embodiment of a tubular retractor in accordance with the 
present invention; 

[0028] Fig. 14A is a side elevational view of an alter- 
native embodiment of the tubular retractor; 
[0029] Fig. 1 5 is a perspective view illustrating the in- 
sertion of a guide wire into the tubular retractor; 
[0030] Fig. 16 is a perspective view illustrating ream- 
ing of the femoral shaft; 

[0031] Fig. 1 7A is a perspective view of an end cutter; 
[0032] Fig. 17B is a perspective view of a femoral 
reamer; 

[0033] Fig. 18 is a side elevational, partial sectional 
view of an end cutter inserted into a tubular retractor of 
the present invention; 



[0034] Fig. 19 is a perspective view of a rasp handle 
after inserting a rasp into the femoral shaft; 
[0035] Fig. 19A is a perspective view illustrating an 
inserted rasp, with the rasp handle removed, and with 
5 the cable used to affix the rasp to the rasp handle pro- 
truding from the posterior incision; 
[0036] Figs. 20A and 20B are partial sectional views 
of the rasp handle; 

[0037] Fig. 21 is an exploded view of the rasp handle 
10 and a rasp to be connected thereto; 

[0038] Fig. 21 A is a partial elevational view along line 
21A-21Aof Fig. 21; 

[0039] Fig. 22 is a perspective view illustrating place- 
ment of a provisional neck of the present invention; 
15 [0040] Fig. 23 is a perspective view of the provisional 
neck and mating forceps of the present invention; 
[0041] Fig. 24A is a partial sectional, radial elevational 
view of the provisional neck; 

[0042] Figs. 24B and 24C are radial elevational views 
20 thereof; 

[0043] Fig. 25 is a perspective view illustrating the in- 
sertion of a femoral stem with a protective bag through 
the posterior incision; 

[0044] Fig. 26 is a perspective view illustrating align- 
25 ment of the femoral stem while observing through the 
anterior incision; 

[0045] Fig. 27 illustrates an incision into the femoral 
stem protective bag prior to insertion of the femoral stem 
into the femoral shaft; 
30 [0046] Fig. 28 is a perspective view illustrating remov- 
al of the femoral stem protective bag while inserting the 
femoral stem, with observation through the anterior in- 
cision; 

[0047] Fig. 29 is a perspective view of a femoral stem 
35 insertion tool in accordance with the teachings of the 
present invention; 

[0048] Fig. 30 is a perspective view of a hip prosthesis 
which can be implanted according to the method of the 
current invention; 
40 [0049] Fig. 31 is a perspective view of an alternative 
embodiment rasp handle in accordance with the present 
invention. 

[0050] Fig. 32 is a side elevational view thereof; 
[0051] Fig. 33 is a top elevational view thereof; 
45 [0052] Fig. 34 is a sectional view illustrating a rasp 
secured to the rasp handle; 

[0053] Fig. 35 is a sectional view illustrating release 
of the locking mechanism used to secure a rasp to the 
rasp handle; 

50 [0054] Fig. 36 is a sectional view of the impaction sur- 
face of the rasp handle illustrated in Figs. 31-35; 
[0055] Fig. 37 is an exploded perspective view of a 
cup inserter of the present invention; 
[0056] Fig. 38 is a side plan view thereof; 

55 [0057] Fig. 39 is a partial sectional view of the distal 
portion of the frame of the cup inserter illustrated in Figs. 
37 and 38; 

[0058] Fig. 40 is a sectional view of a threaded shaft 
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used to engage an acetabular cup in conjunction with 
the cup inserter illustrated in Figs. 37 and 38; 
[0059] Fig. 41 is a sectional view thereof; 
[0060] Fig. 42 is a side elevational view of a connect- 
ing shaft of the cup inserter illustrated in Figs. 37 and 38; 
[0061] Fig. 43 is a sectional view thereof; 
[0062] Fig. 44 is an end elevational view thereof; 
[0063] Fig. 45A is a sectional view taken along line 
45A-45A of Fig. 42; 

[0064] Fig. 45B is a sectional view taken along line 
45B-45B of Fig. 42; 

[0065] Fig. 46 is an exploded perspective view of an- 
other acetabular cup inserter in accordance with the 
present invention; 

[0066] Fig. 47 is a radial elevational view of a threaded 
shaft used to engage an acetabular cup in conjunction 
with the cup inserter illustrated in Fig. 46; 
[0067] Fig. 48 is an axial elevational view thereof; 
[0068] Fig. 49 is a radial elevational view of a U-joint 
linkage in accordance with the present invention; 
[0069] Fig. 50 is a second radial elevational view 
thereof, rotated 90° with respect to Fig. 49; 
[0070] Fig. 51 is a top elevational view of a locking 
lever in accordance with the present invention; 
[0071] Fig. 52 is a side elevational view thereof; 
[0072] Fig. 53 is a radial elevational view of a locking 
shaft in accordance with the present invention; 
[0073] Fig. 54 is a sectional view thereof taken along 
line 54-54 of Fig. 53; 

[0074] Fig. 55 is an axial elevational view of the lock- 
ing shaft depicted in Fig. 53; 

[0075] Fig. 56 is a perspective view of an operating 
table in accordance with the present invention; 
[0076] Fig. 57 is a top elevational view thereof; 
[0077] Fig. 58 is a side elevational view thereof; 
[0078] Fig. 59 is a side elevational view thereof illus- 
trating a patient positioned atop the operating table of 
the present invention; 

[0079] Fig. 60 is a side elevational view of the oper- 
ating table of the present invention illustrating use of a 
buttocks door to allow for extension of the patient's but- 
tocks through the table top; 

[0080] Fig. 61 is a side elevational view illustrating ro- 
tation of a leg panel of the operating table of the present 
invention to allow for hyperextension of the patient's hip; 
[0081] Fig. 62 is an anterior elevational view of the 
osteotomized femoral neck viewed through an anterior 
incision made in accordance with the present invention, 
with the operative leg placed in hyperextension; and 
[0082] Fig. 63 is radial elevational view of a lateraliz- 
ing reamer of the present invention. 
[0083] Corresponding reference characters indicate 
corresponding parts throughout the several views. The 
exemplification set out herein illustrates one preferred 
embodiment of the invention, in one form, and such ex- 
emplification is not to be construed as limiting the scope 
of the invention in any manner. 
[0084] Throughout this document "proximal" and "dis- 



tal" are sometimes used to refer to opposite ends of in- 
struments described herein. When referring to the op- 
posite ends of instruments, "proximal" and "distal" are 
used with reference to a user of the instrument. For ex- 
5 ample, the end of the instrument nearest the user during 
use thereof is described as the proximal end, while the 
end of the instrument farthest from the user during use 
is described as the distal end of the instrument. 

10 DETAILED DESCRIPTION OF THE INVENTION 

[0085] A total hip arthroplasty can be performed, ac- 
cording to the teachings of the current invention through 
two incisions, each no more than 5 centimeters (2 inch- 

*5 es) in length. An anterior incision is made either along 
the axis of the femoral neck or aligned with the line along 
which the femur will be osteotomized to remove the fem- 
oral neck, while a posterior incision is made generally 
in axial alignment with the femoral shaft. Referring to 

20 Fig. 1 A, a partial illustration of patient 40 including torso 
52, buttock 50, and leg 48 illustrates prior art incision 42 
as well as exemplary anterior incision 44 and exemplary 
posterior incision 46 of the current invention. Prior art 
incision 42 is approximately 25 centimeters (10 inches) 

25 long, while anterior incision 44 and posterior incision 46 
are each no more than 5 centimeters (2 inches) in 
length. Referring to Fig. 1B, a partial illustration of pa- 
tient 40' including torso 52', buttock 50', and leg 48" is 
used to illustrate exemplary anterior incision 44' and ex- 

30 emplary posterior incision 46' of the current invention. 
Anterior incision 44* and posterior incision 46' are each 
no more than 5 centimeters (2 inches) in length. As il- 
lustrated in Fig. 1B, anterior incision 44' and posterior 
incision 46' are generally colinear and can be joined 

35 along line 47 to allow for a minimally invasive hip pro- 
cedure to be altered to an open procedure. 
[0086] According to the method of total hip arthro- 
plasty of the current invention, patient 40 is initially 
placed in a supine position on an operating table. A 

40 standard operating table or a radiolucent table can be 
used. In one exemplary embodiment, operating table 
400 illustrated in Figs. 56-61 is utilized. Operating table 
400 includes a table top which is completely radiolucent, 
i.e., no portion of the table top of operating table 400 is 

45 radiopaque. Operating table 400 will be described in fur- 
ther detail hereinbelow. A radiolucent table is preferred 
if the surgical team intends to use intraoperative image 
intensification. In one exemplary embodiment, fluoro- 
scopic images are taken repeatedly taken throughout 

50 the procedure to confirm proper positioning of instru- 
ments, and implants. In alternative embodiments, endo- 
scopic images can be taken. A Storz viewsite endoscop- 
ic system provides a sterile viewing screen for endo- 
scopic images. The sterile viewing screen of a Storz 

55 viewsite endoscopic system can be positioned within 
the surgical field immediately adjacent to anterior inci- 
sion 44 or 44*. Other known endoscopic systems may 
further be utilized during the total hip arthroplasty of the 
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present invention. 

{0087] Referring now to Fig. 2A, with ipsilateral leg 48 
in a neutral position, two prominent bony landmarks are 
palpated, anterior superior iliac spine (ASIS) 59 and 
greater trochanter 58 of femur 62. Ilium 64 and pubis 66 5 
of hip 68 are shown to better illustrate the relevant area 
of the body. In one exemplary embodiment, the approx- 
imate anterior incision starting point 71 is identified two 
fingerbreadths inferior and two fingerbreadths anterior 
to the tubercle of the greater trochanter 58. The approx- 10 
imate finish point for the anterior incision is identified 
three fingerbreadths inferior and two fingerbreadths lat- 
eral to the anterior superior iliac spine (ASIS) 59. In an- 
other exemplary embodiment, the approximate anterior 
incision starting point 71 is identified 3-4 centimeters in- *5 
ferior and 2 centimeters lateral to ASIS 59. Having iden- 
tified starting point 71 3-4 centimeters inferior and 2 cen- 
timeters lateral to ASIS 59, the path of anterior incision 
44 is extended obliquely from starting point 71 toward 
the prominence of greater trochanter 58 along the axis 20 
of femoral neck 60. With the use of a spinal needle, the 
appropriate starting point 71 and the path of the anterior 
incision can be identified by impaling the skin down to 
bone to confirm the central axis 70 of femoral neck 60. 
In one exemplary embodiment, a metal, or other radio- 25 
paque marker can be positioned over the identified path 
of anterior incision 44 and a fluroscopic image taken to 
confirm the appropriate position of anterior incision 44. 
If anterior incision 44" (Fig. 1B) is utilized, then starting 
point 7V (Fig. 2B) can be identified by palpating inter- 30 
trochanteric ridge 59 and extending the incision oblique- 
ly as illustrated in Fig. 2B. The position of intertro- 
chanteric ridge 59 can be confirmed by impaling the skin 
down to the bone with, e.g., a spinal needle. The location 
of anterior incision 44* can further be confirmed by plac- 35 
ing a metallic or otherwise radiopaque instrument over 
line 61 illustrated in Fig. 2B and taking a fluoroscopic 
image. After confirmation of the path of anterior incision 
44 or 44', a surgical marker can be utilized to mark the 
location of same on the patient's skin. *o 
[0088] If anterior incision 44 is utilized, an oblique in- 
cision of approximately 3.75 - 5 centimeters (1.5-2 inch- 
es) is made from the starting site 71 toward the promi- 
nence of the greater trochanter along the axis 70 of the 
femoral neck 60 and the central axis of acetabulum 54 45 
to form anterior incision 44 as illustrated, e.g., in Fig. 1 A. 
If anterior incision 44' is utilized, an oblique incision of 
approximately 3.75-5.0 centimeters (1.5-2.0 inches) is 
made from starting site 71' and extended obliquely 
along line 61 illustrated in Fig. 2B. The anterior incision 50 
(44 or 44') is extended along the same plane through 
subcutaneous tissues, exposing the underlying fascia 
lata. The internervous plane between the tensor fascia 
lata muscle and the sartorius is identified by palpation 
and developed by curved scissors and blunt dissection. 55 
The sartorius can be made more prominent by external- 
ly rotating the leg to apply tension on the muscle. Deep 
to the tensor fascia lata and the sartorius is an intern- 



ervous interval between the rectus femoris and the glu- 
teus medius. This plane is developed by blunt dissec- 
tion. A lateral retraction of the tensor fascia lata permits 
a visualization of the capsule 74 of the hip joint as illus- 
trated in Fig. 2C. In this way, the hip capsule is exposed 
without requiring the incision of muscle. In some cases 
the indirect head of the rectus femorus will be taken 
down to expose the hip capsule, but it is generally very 
easy to elevate the rectus femorus from the capsule 
without damaging it and expose the hip capsule with no 
violation of muscle. After dissecting below the tensor 
fascia lata, the precapsular fat and lateral circumflex 
vessel that travels across the front of the capsule are 
exposed. The circumflex vessels may present as one or 
2 larger arteries and veins, or multiple smaller vessels. 
If the circumflex vessels are relatively large, they can be 
ligated to prevent bleeding during reaming of the 
acetabulum. If they are smaller, they can be cauterized. 
[0089] Leg 48 is externally rotated to create tension 
on capsule 74. Capsule 74 is incised along the axis 70 
(Fig. 2A) of femoral neck 60 from the equator of femoral 
head 56 to the intertrochanteric ridge of femur 62. In one 
exemplary embodiment, the capsular incision takes the 
form of an "H-shaped" window formed by incisions 72 
(Fig. 2C). The H-shaped window is formed by adding 
supplementary perpendicular limbs around the equator 
of femoral head 56 and the base of femoral neck 60 to 
the initial incision along the axis 70 of femoral neck 60. 
As a form of retraction, heavy sutures can be used to 
provisionally attach the capsular flaps 73 to the subcu- 
taneous tissues. In alternative embodiments, the cap- 
sular incision is formed as a T-shape, or as a linear in- 
cision. In certain embodiments, a triangular portion of 
the capsule can be removed. As illustrated in Fig. 3, re- 
tractors 76 are placed inside capsular flaps 73 and un- 
derneath the superior and inferior borders of femoral 
neck 60 to expose the entire length of femoral neck 60 
from the inferior aspect of femoral head 56 to the inter- 
trochanteric ridge. Retractors 76 can be, e.g., Cobra re- 
tractors. In one exemplary embodiment, each retractor 
houses a light source and can also serve to anchor an 
endoscope. Retractors 76 thereby provide continuous 
visualization and illumination of the wound. In one ex- 
emplary embodiment, JAKOSCOPE retractors having 
integral fiberoptic light sources are utilized in accord- 
ance with present invention. 

[0090] Referring now to Fig. 4, a femoral cutting tool 
86, e.g., a reciprocating saw, oscillating saw or a power 
burr is used to excise femoral neck 60. A custom oste- 
otomy guide 78 can be placed through anterior incision 
44 (Fig. 1A) or 44' (Fig. 1B) to guide the femoral neck 
cut. Alignment portion 82 of osteotomy guide 78 is 
aligned with the longitudinal axis of femur 62, while cut 
guide 84 is positioned on femoral neck 60. Handle 80 of 
osteotomy guide 78 facilitates positioning and reposi- 
tioning of osteotomy guide 78 through anterior incision 
44 or 44'. After placement of osteotomy guide 78, cut 
line 85 is scored as is known in the art. Osteotomy guide 
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78 is thereafter removed through anterior incision 44 or 
44* and femoral cutting tool 86 is inserted through ante- 
rior incision 44 or 44' and utilized to cut along cut line 
85 and displace portion 88 (Figs. 6A and 6B) from femur 
62. If anterior incision 44* is utilized, it will be aligned 
with the osteotomy utilized to displace portion 88 from 
femur 62. In this way, anterior incision 44' may allow for 
less soft tissue irritation when osteotomizing cut portion 
88 from femur 62 because the oscillating saw will move 
in line with anterior incision 44*. 
[0091] Retractors 76 are repositioned around the an- 
terior and posterior rims of the acetabulum. A custom 
curved cutting tool, (i.e., the "ligamentum teres cutter") 
is passed behind femoral head 56 to sharply incise the 
ligamentum teres, thus mobilizing cut portion 88 as il- 
lustrated in Fig. 6A. Cut portion 88 includes femoral 
head 56 as well as a portion of femoral neck 60 (Fig. 4). 
Cut portion 88 is thereafter removed through anterior in- 
cision 44 with a custom femoral head bone grasper 94 
(Fig. 7). If there is difficulty removing cut portion 88 in 
one piece, it may be in situ morselized using cutting tool 
87 (Fig. 6A), e.g., a power burr. Morsels 92 may then be 
removed through anterior incision 44 as illustrated in 
Fig. 7. Morsel izing of cut portion 88 can be accom- 
plished making cuts which substantially mirror the cuts 
in hip capsule 74. In one exemplary embodiment, a cork- 
screw and hip skid removes the entire femoral neck, as 
in hip fracture. In an alternative embodiment, femoral 
head 56 is severed along cut line 63 (Fig. 6B) prior to 
incising the ligamentum teres. In this embodiment, the 
osteotomized femoral neck is removed before incising 
the ligamentum teres. As described above, femoral 
head 56 may be in situ to morselized to facilitate removal 
thereof as necessary. A threaded Steinman pin or a 
Shanz screw can be utilized to remove the osteotomized 
femoral neck and head. Irrigation and suction devices 
can be used to cool the bone and facilitate the removal 
of bony debris in hip capsule 74. In one exemplary em- 
bodiment, a fiberoptic endoscope is placed into the hip 
joint to confirm the complete removal of bony debris. 
[0092] As illustrated in Fig. 8A, the fibro-fatty tissue 
within the cotyloid fossa of acetabulum 54 is removed 
with the use of, e.g., high-speed acorn-tipped cutting 
tool 96, Rongeur forceps, and a curette. Thereafter, the 
acetabular labrum can be trimmed with a scalpel. As il- 
lustrated in Fig. 8B, acetabulum 54 is then progressively 
reamed with standard acetabular reamer 98. In an al- 
ternative embodiment, a customized minimally invasive 
reamer such as the one disclosed in co-pending U.S. 
Patent Application Serial No. 10/153,053, filed May 21, 
2002, the disclosure of which is hereby explicitly incor- 
porated by reference herein, can be utilized to progres- 
sively ream acetabulum 54. Acetabular reamers within 
a predetermined size range are utilized until the optimal 
size of the acetabulum is reached. Sizing of the acetab- 
ulum is facilitated by the use of pre-operative templates 
and radiographs as is known in the art. A fluoroscope, 
or endoscope can be used to aid in visualization during 



the reaming process. In certain instances, multiple fluor- 
oscopic or endoscopic images are taken during the 
reaming process to confirm that when reaming is com- 
plete the reamer is bottomed out and is concentric with 
5 the acetabulum. Typically the acetabulum is under 
reamed by approximately 2mm with respect to the di- 
ameter of the anticipated acetabular cup so as to create 
an interference fit. High speed acom-shaped cutting tool 
96, and acetabular reamer 98 enter the body through 
anterior incision 44 or 44'. 

[0093] After a trial fitting, a press-fit acetabular cup of 
the appropriate size can be firmly seated with cup in- 
serter 100 as illustrated in Fig. 9Aand impacted into the 
acetabular recess as is known in the art. In alternative 
embodiments, acetabular cup inserters 360, 360* (Figs. 
9B, 37-55) may be utilized to seat an appropriate 
acetabular cup. Cup inserters 360 and 360' are further 
described hereinbelow. If a balloon is positioned under 
the hip and inflated during the total hip arthroplasty of 
the present invention, it can be deflated when determin- 
ing proper alignment for seating of the acetabular im- 
plant. Acceptable press fit acetabular cups include the 
ZIMMER HGP II or TRILOGY cups. Proper positioning 
of the acetabular cup can be achieved with a custom 
anteflexion and pelvic alignment guide as illustrated in 
Fig. 9A. Patient 40 is placed in supine position on oper- 
ating table 102. Aligning rod 104 is aligned with the mid 
lateral axis of torso 52 while main shaft 105 is main- 
tained approximately 30° from operating table 102 for 
proper seating of the acetabular cup. To augment fixa- 
tion of the cup, a flexible drill can be used to guide the 
placement of one or more acetabular screws. In some 
cases, acetabular screws will not be necessary. The in- 
sertion of the acetabular liner is, in certain embodi- 
ments, deferred until the proximal femur has been pre- 
pared for the insertion of a trial stem. As illustrated by 
the anterior elevational view of Fig. 10, patient 40 re- 
mains in the supine position on operating table 1 02 (Fig. 
9A) while cup inserter 100 is utilized to seat the acetab- 
ular cup. Similarly, patient 40 remains in the supine po- 
sition on operating table 102 if either of cup inserters 
360, 360' are utilized to seat the acetabular cup. 
[0094] For preparation of the femur, the patient is re- 
positioned with a pad, e.g., an inflatable pad placed un- 
der the ipsilateral hip. In one exemplary embodiment, 
an inflatable pad is placed under the hip and inflated at 
the beginning of the procedure. With an inflatable pad 
in place under the hip and inflated, the femur will drop 
below the acetabulum when the femoral neck is osteot- 
omized giving better access to both the acetabulum and 
the femur. The operative hip is slightly flexed or extend- 
ed, adducted approximately 30° to 45°, and maximally 
externally rotated or rotated to approximately 30° to 45°. 
In one exemplary embodiment, an operating table hav- 
ing movable leg panels is utilized. In this embodiment, 
the non-operative leg can be dropped below the opera- 
tive leg prior to position the operative hip for preparation 
of the femur (e.g., extending, adducting, and rotating the 
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operative hip). When the non-operative knee is lowered, 
i.e., the non-operative hip is hyperextended, the opera- 
tive hip is effectively raised, which facilitates preparation 
of the femur as described below. Retractors 76 are re- 
positioned around the medial and lateral aspects of fe- 
mur 62. Alternatively, a self-retaining retractor with a 
light source attachment and an endoscope holder can 
be positioned in anterior incision 44 to provide constant 
visualization and illumination of femur 62. 
[0095] In one embodiment, the soft tissues along the 
anterior surface of femur 62 just inferior to the intertro- 
chanteric ridge are subperiosteal^ reflected with a scal- 
pel or curved osteotome to expose the bone for a width 
of approximately 1 cm. This sharp subperiosteal eleva- 
tion continues superolateral^ onto the anterior margin 
of the greater trochanter. Then with curved Mayo scis- 
sors a pathway is developed by blunt dissection that is 
directed superficially to the anterior fibers of the gluteus 
minimus towards buttock 50 (Fig. 11). In an alternative 
embodiment, the osteotomized femoral neck is visual- 
ized through the anterior incision and any remaining su- 
perolateral femoral neck is removed. Curved Mayo scis- 
sors are then directed posterior to the posterior neck of 
the femur just superior to the insertion of the piriformis 
tendon. If the piriformis tendon traverses this site, it is 
divided with the scissors, the scissors are advanced 
through the posterior capsule and toward the gluteus 
maximus. To assist in the direction of the scissors, a line 
can be drawn along the front axis of the femur and along 
the side axis. Where the two lines intersect on the su- 
perolateral aspect of the hip is the appropriate site for 
the posterior as is further described herein below 
[0096] As illustrated in Fig. 11, awl 106 is inserted 
through anterior incision 44, directed through the cleft 
between the gluteus medius and maximus in line with 
the shaft of the femur and piriformis fossae region, and 
advanced into the soft tissues of buttock 50 until its 
pointed distal end 108 can be palpated on the surface 
of the skin. Distal end 108 of awl 106 is generally aligned 
with the longitudinal axis of femur 62. At the point where 
distal end 108 is palpated, posterior incision 46 or 46' of 
approximately 2 - 3 cm (0.8 - 1.2 inches) is made and 
extended through the subcutaneous tissues and fascia 
lata to expose the underlying gluteus maximus. In one 
exemplary embodiment, a surgical marking pen can be 
used to draw a line on the skin down the front of the 
femur and a line on the skin along the side of the femur. 
The intersection of these two lines will generally mark 
the position of the posterior incision. A tract to femur 62 
is developed along the path created by awl 106. Gener- 
ally, the gluteus maximus is split bluntly in line with its 
fibers with curved Mayo scissors. Finger dissection may 
be utilized to reach the posterior piriformis fossa region. 
In certain cases the piriformis obstructs the view of the 
femur. In these cases, the piriformis can be divided. In 
many instances, the piriformis is inferior to the femur and 
does not require division. Into this pathway, via posterior 
incision 46 or 46', custom elliptical posterior retractor 



122, complete with its inner sleeves, can be threaded 
(Fig. 13) down to the osteotomized femoral neck. In one 
exemplary embodiment, elliptical posterior retractor 1 22 
includes posterior lip 128 (Fig. 14). In this embodiment, 

5 retractor 1 22 is threaded down to the osteotomized fem- 
oral neck until posterior lip 1 28 lies beneath the posterior 
intertrochanteric ridge. Fig. 14A illustrates an embodi- 
ment of rasp tunnel 130 without posterior lip 128. In an 
alternative embodiment, each component of posterior 

10 retractor 122 (i.e., guide tube 124, reamer tunnel 126, 
and rasp tunnel 130) is individually inserted and re- 
moved as necessary. In an embodiment in which guide 
tube 124, reamer tunnel 126, and rasp tunnel 130 are 
individually inserted and removed into posterior incision 

15 46 or 46', each individual tunnel may be provided with 
a posterior lip similar to posterior lip 128 illustrated in 
Fig. 14. In yet another exemplary embodiment, no pos- 
terior retractor is utilized. Rasping and reaming of the 
femur will now be described. The posterior capsule will 

20 be entered to facilitate rasping and reaming of the femur. 
Any step performed through a tubular retractor posi- 
tioned in the posterior may be performed through the 
posterior incision without a retractor positioned therein. 
[0097] Initially, under image guidance, a straight 

25 pointed awl is inserted into the posterior incision while 
observing its progress through the anterior incision. The 
awl is inserted into the osteotomized femoral neck and 
advanced manually down the femoral canal. Upon its 
removal, a ball tipped guide wire is inserted through the 

30 posterior incision into the osteotomized femoral neck 
down the femoral canal. 

[0098] Referring now to Fig. 1 5 in one exemplary em- 
bodiment, ball tipped guide wire 146 is inserted through 
guide tube 124 of posterior retractor 122 and advanced 

35 into femoral canal 148. While Fig. 15 illustrates guide 
tube 124 nested in reamer tunnel 126 and rasp tunnel 
130, guide tube 124 may be directly inserted through 
posterior incision 46 or 46*. or not used. In one exem- 
plary embodiment, ball-tipped guide wire 146 is directly 

40 inserted through posterior incision 46 or 46" and ad- 
vanced into femoral canal 148. If the cancellous bone 
of femur 62 is too dense to permit insertion of ball tipped 
guide wire 1 46, then a conical cannuiated reamer or end 
mill is used to prepare the femoral metaphysis. If a nest- 

45 ed posterior retractor configuration is utilized, guide tube 
1 24 must be removed so that the reamer can be inserted 
through reamer tunnel 126 of posterior retractor 122. 
Similarly, if a nested configuration is not utilized, reamer 
tunnel 126 can be inserted into posterior incision 46 if 

50 the surgeon chooses to use it. In any event, ball tipped 
guide wire 146 is inserted about halfway down femoral 
canal 148. The following detailed description of the in- 
vention makes reference to a nested posterior retractor 
configuration. It will be understood by those skilled in 

55 the art that if the nested configuration is not utilized, 
each individual component of posterior retractor 122 
can be inserted and removed through posterior incision 
46 as necessary. Moreover, if no tubular posterior re- 
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tractors are utilized, then the following steps can be per- 
formed by placing instruments directly through posterior 
incision 46 or 46*. 

[0099] Fig. 1 6 illustrates preparation of femoral canal 
148 to receive rasp 204 (Fig. 19). Guide tube 124 is re- 
moved from posterior retractor 122 and end cutter 150 
(Fig. 17A) is inserted through reamer tunnel 126. Fig. 
18 illustrates end cutter 150 positioned within reamer 
tunnel 126. End cutter 150 includes elongate aperture 
160 through which guide wire 146 passes and guides 
end cutter 150. End cutter 150 is actuated by any of the 
many actuating devices known in the art. After end cut- 
ting is complete, end cutter 150 is removed through 
reamer tunnel 126 and reamer 151 (Fig. 17B) is inserted 
therethrough. Reamer 151 includes reamer guide aper- 
ture 161 through which guide wire 146 passes and 
guides reamer 151 as it reams femoral canal 148. 
Reamers of progressive increase in their outer diameter 
are sequentially placed over guide wire 146 and femoral 
canal 148 is reamed until cortical "chatter" is felt. As is 
known in the art, the optimal diameter of femoral canal 
1 48 is provisionally determined by preoperative templat- 
ing. Some surgeons may choose to avoid reaming of 
the femoral shaft and instead utilize a broach as is 
known in the art. A broach may be inserted in accord- 
ance with the current invention as described hereinbe- 
low with respect to rasp insertion. In one exemplary em- 
bodiment, lateralizing reamers are utilized to prepare 
femoral canal 148. 

[0100] In an alternative embodiment of the present in- 
vention, reaming of femoral canal 148 begins with the 
use of a flexible reamer. The flexible reamer is used to 
enlarge the femoral canal along its normal axis. In one 
exemplary embodiment, a cannulated flexible is utilized. 
In this embodiment, the flexible reamer is positioned 
over the inserted ball tip guide wire. After reaming with 
the flexible reamer, lateralizing reamer 480 is inserted 
through posterior incision 46 and into the femoral canal. 
Lateralizing reamer 480 is a blunt tipped side cutting 
reamer. Lateralizing reamer 480 is utilized to remove 
bone stock into the greater trochanter so that the im- 
planted femoral stem will be coaxial with the shaft of fe- 
mur 62 and will not be aligned in varus. Stated another 
way, lateralizing reamer 480 is used to side cut the fem- 
oral canal to move the top of the pathway posteriorward 
allow for proper implantation of the prosthetic femoral 
component. If a taper fit stem is utilized, then reaming 
is complete after using the lateralizing reamer. If a fully 
coated porous stem is utilized, then a straight solid 
reamer such as the VERSYS reamer available from 
Zimmer, Inc. is utilized to continue reaming the femoral 
canal. In all of the reaming steps discussed above, a 
number of reamers of increasing size can be utilized. 
For example, when using a flexible reamer, a first flexi- 
ble reamer can be utilized to ream out the femoral canal, 
followed by a second flexible reamer larger in size than 
the first flexible reamer. 

[0101] After the correct diameter of femoral canal 148 



is reamed out, reamer tunnel 126 (Fig. 14) is removed 
from posterior retractor 122 so that rasp 204 and rasp 
handle 21 2 (Fig. 19) can be inserted over guide wire 146 
to complete preparation of femur 62. Guide wire 146 is 

5 inserted into rasp guide aperture 214 and rasp handle 
guide aperture 202 to guide rasp 204 to prepared femur 
62. Impact surface 164 is struck, as is known in the art, 
to place rasp 204 in femur 62. While rasp 204 is being 
impacted, the rotational alignment can be assessed by 

10 direct visual scrutiny of femur 62 through anterior inci- 
sion 44. Furthermore, assessment of the alignment of 
rasp handle 212 with respect to the patella, lower leg, 
and foot facilitates alignment. On the normal proximal 
femoral metaphysis, a flattened area of anterior bone 

*5 provides a highly reproducable landmark for the rota- 
tional alignment. This may not be true if the patient has 
experienced prior surgery or trauma. 
[0102] Progressively larger rasps are inserted to 
achieve the optimal fit and fill in femur 62. Once the final 

20 rasp is fully seated, rasp handle 212 is removed along 
with guide wire 146 and posterior retractor 122, leaving 
distal end 208 of flexible cable 192 (Fig. 19A) attached 
to the proximal end of rasp 204 and proximal end 194 
of flexible cable 192 protruding from posterior incision 

25 46. The operation of rasp handle 212 will be further ex- 
plained below. In an alternative embodiment, rasp han- 
dle 300 illustrated in Figs. 31-36 is utilized. Rasp handle 
300 can be utilized with a VERSYS rasp available from 
Zimmer, Inc. The operation of rasp handle 300 and its 

30 cooperation with a femoral rasp will be further described 
hereinbelow. One or more fluoroscopic images can be 
utilized to ensure proper orientation and position of the 
femoral rasps. 

[0103] After the final rasp is seated in femoral canal 

35 1 48, a trial acetabular liner is placed through anterior 
incision 44 or 44* and into the seated acetabular cup with 
the use of a liner inserter as is known in the art. In an 
alternative embodiment, a trial or final acetabular liner 
can be seated in the seated acetabular cup prior to prep- 

40 aration of femur 62. Provisional neck 222 (Figs. 23, and 
24A-C) is inserted through anterior incision 44 and 
locked to the top end of the seated rasp, as illustrated 
in Fig. 22. A trial femoral head is placed on the Morse 
taper of provisional neck 222 through anterior incision 

45 44. The hip joint is reduced for an assessment of stability 
of the hip joint and limb length. Where necessary, a sec- 
ond assessment is made. Once the trial reduction is sat- 
isfactorily completed, the hip is dislocated and the pro- 
visional head and provisional neck 222 are removed. 

50 Rasp handle 21 2 is reinserted through posterior incision 
46 over the free end of flexible cable 192. Rasp handle 
212 is advanced until it can be locked with the seated 
rasp so that impact surface 164 can be impacted and 
the entire tool (i.e., rasp 204 and rasp handle 212) can 

55 be removed. The trial acetabular liner is removed 
through anterior incision 44. In an alternative embodi- 
ment, a trial reduction can be performed utilizing the final 
femoral implant and a trial femoral head. In one exem- 
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plary embodiment, a trial femoral head such as the one 
disclosed in U.S. Patent Application Serial No. 
09/992,639 filed November 6, 2001 and published as U. 
S. Publication No. US2002/0099447 A1 , the disclosure 
of which is hereby explicitly incorporated by reference 
herein. 

(01 04] Via anterior incision 44, the final acetabular lin- 
er 252 (Fig. 30) is seated into acetabular cup 250 (Fig. 
30) with a liner inserter that permits its impaction in 
place, as is known in the art. Femoral implant 238 (Fig. 
30) is anchored to femoral stem insertion tool 240 (Fig. 
29) and placed through posterior incision 46 or 46'. Fem- 
oral implant 238 can be, e.g., a VERSYS fiber metal ta- 
per, a VERSYS fiber metal midcoat, or a VERSYS full 
coat stem available from Zimmer, Inc. As illustrated in 
Fig. 25, femoral implant 238 is placed in protective, dis- 
posable bag 242 prior to its introduction into posterior 
incision 46 or 46*. Protective, disposable bag 242 keeps 
femoral implant 238 clean as it is inserted through pos- 
terior incision 46. Note that Fig. 25 illustrates femoral 
implant 238 oriented as it will be when placed in femur 
62. To insert femoral implant 238 through posterior inci- 
sion 46, femoral implant 238 can be rotated 180° from 
this position to prevent impingement on the body. Fem- 
oral implant 238 is then rotated 180° after being com- 
pletely inserted through posterior incision 46. Similar ro- 
tations of femoral implant 238 can be made when utiliz- 
ing posterior incision 46'. 

[0105] Fig. 26 illustrates femoral stem 238 and bag 
242 inserted through posterior incision 46. When the tip 
of femoral stem 238 approaches the osteotomized fem- 
oral neck, the distal end of bag 242 is incised as illus- 
trated in Fig. 27. Scalpel 246 is inserted into anterior 
incision 44 to incise bag 242. As femoral stem 238 is 
driven into femoral canal 148, bag 242 is progressively 
removed through posterior incision 46 as illustrated in 
Fig. 28. After femoral stem 238 is fully seated, femoral 
stem insertion tool 240 (Fig. 29) is removed through pos- 
terior incision 46. Through anterior incision 44, the final 
femoral head is positioned on the femoral neck Morse 
taper using a standard holding device and secured with 
a standard impaction tool and mallet. The hip is then 
reduced and assessed for stability. While described with 
reference to anterior incision 44 and posterior incision 
46, this method of seating femoral stem 238 is equally 
applicable when using anterior incision 44* and posterior 
incision 46'. 

[0106] After appropriate antibiotic irrigation and pul- 
satile lavage, the hip capsule and the soft tissues are 
repaired with heavy sutures or staples. A suitable local 
anesthetic solution is injected into the closed hip joint 
as well as the capsular layer and the subcutaneous tis- 
sues, allowing superior postoperative pain relief. The 
fascial layers, subcutaneous tissues, and skin of both 
the anterior and posterior wounds are closed in a con- 
ventional method and dressings are applied. A suction 
drain may be used at the discretion of the surgeon. 
[0107] Osteotomy guide 78, illustrated in use in Fig. 



4, includes handle 80, alignment portion 82, and cut 
guide 84. In one exemplary embodiment, cut guide 84 
and alignment portion 82 form a 60° angle. In one ex- 
emplary embodiment, alignment portion 82 includes a 
5 tapered distal end as illustrated in Figs. 5A and 5B. Os- 
teotomy guide 78 is inserted through anterior incision 
44 and is positioned with alignment portion 82 placed 
on femur 62 so that alignment portion 82 generally 
aligns with the longitudinal axis of femur 62. Handle 80 

10 protrudes through anterior incision 44 and may be uti- 
lized to position osteotomy guide 78. After osteotomy 
guide 78 is properly positioned, cut guide 84 is utilized 
to mark cut line 85 on femoral neck 60 as illustrated in 
Fig. 4. Osteotomy guide 78 can be formed to function 

15 on either side of the body. 

Fig. 4 illustrates an osteotomy guide designed to func- 
tion on the right femur, while Fig. 5B illustrates an oste- 
otomy guide operable to function on the left femur. 
[0108] Figs. 37-45 illustrate cup inserter 360 of the 

20 present invention. Cup inserter 360 is particularly ad- 
vantageous when performing the minimally invasive to- 
tal hip arthroplasty of the present invention due in part 
to the offset of offset frame leg 376 from the remainder 
of frame 368. This offset advantageously allows for 

25 placement of an acetabular cup in the correct antever- 
sion and abduction without interference from soft tissue. 
Referring to Fig. 37, acetabular cup inserter 360 in- 
cludes frame 368 having handle 350 secured to a prox- 
imal end thereof. Handle 350 includes impaction surface 

30 352 useful in impacting an acetabular cup such as a 
press fit or spiked acetabular cup. Distal end 370 of 
frame 360 is adapted for connection of the acetabular 
cup thereto as will be further described hereinbelow. 
[0109] Referring to Figs. 37 and 38, drive shaft 378 of 

35 cup inserter 360 is rotated via drive shaft handle 382, or 
torque handle 432 if it is provided. Rotation of drive shaft 
378 operates to rotate threaded distal end 394 of thread- 
ed shaft 392 to secure or release an acetabular cup to 
cup inserter 360 as will be further described hereinbe- 

40 low. Drive shaft handle 382 may include a ratchet mech- 
anism and may further include a clutch to limit applied 
torque so that the acetabular cup is not secured too 
tightly to cup inserter 360. As illustrated in Fig. 38, 
acetabular cup inserter 360 includes threaded shaft 392 

45 having threaded distal end 394 protruding from the distal 
end of acetabular cup inserter 360. Threaded distal end 
394 of threaded shaft 392 is threaded into a threaded 
central aperture of an acetabular cup to secure the 
acetabular cup to cup inserter 360. After seating of the 

50 acetabular cup, threaded shaft 392 is rotated to release 
the acetabular cup from engagement with cup inserter 
360. To secure or release an acetabular cup to cup in- 
serter 360, torque is applied to drive shaft 378 through 
one or both of drive shaft handle 382 and torque handle 

55 432. As illustrated in Figs. 37 and 38, drive shaft 378 is 
positioned through drive shaft aperture 388 formed in 
frame 368 of cup inserter 360. Drive shaft 378 includes 
drive shaft retaining groove 386 into which drive shaft 
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retaining pin 384 is positioned as illustrated in Fig. 38 to 
prohibit axial displacement of drive shaft 378. In assem- 
bly, distal end 380 of drive shaft 378 is positioned within 
proximal end 358 of connecting shaft 354 as illustrated 
in Fig. 38. In assembly, connecting shaft 354 occupies 5 
connecting shaft aperture 426 (Fig. 39) of frame 368. 
As illustrated in Fig. 39, connecting shaft aperture 426 
includes a counterbore forming shoulder 428. Proximal 
end 358 of connecting shaft 354 similarly includes 
shoulder 416 as illustrated in Fig. 37. In construction, w 
shoulder 416 of connecting shaft 354 abuts shoulder 
428 of connecting shaft aperture 426 to limit axial dis- 
placement of connecting shaft 354 relative to frame 368 
of acetabular cup inserter 360. 

[0110] As illustrated in Fig. 38, distal end 380 of drive '5 
shaft 378 is positioned within proximal end 358 of con- 
necting shaft 354. Distal end 380 of drive shaft 378 is 
identical to distal end 356 of connecting shaft 354 illus- 
trated in detail in Figs. 42-45 and further described here- 
inbelow. In assembly, threaded shaft 392 is positioned 20 
within threaded shaft aperture 422 (Fig. 39) of frame 
368. As illustrated in Fig. 39, threaded shaft aperture 
422 includes a counterbore forming shoulder 424. Sim- 
ilarly, proximal end 396 of threaded shaft 392 includes 
shoulder 418. In construction, spring 398 (Fig. 37) is, in 25 
one exemplary embodiment, positioned about threaded 
shaft 392, intermediate shoulder 418 of threaded shaft 
392, and shoulder 424 of threaded shaft aperture 422. 
As illustrated in Fig. 38, distal end 356 of connecting 
shaft 354 is positioned within proximal end 396 of 30 
threaded shaft 392. Distal end 380 of drive shaft 378 
and proximal end 358 of connecting shaft 354 cooperate 
to form a universal joint. Similarly, distal end 356 of con- 
necting shaft 354 and proximal end 396 of threaded 
shaft 392 cooperate to form a universal joint. 35 
[0111] As described supra, distal end 380 of drive 
shaft 378 is substantially identical to distal end 356 of 
connecting shaft 354. Similarly, proximal end 358 of 
connecting shaft 354 is substantially identical to proxi- 
mal end 396 of threaded shaft 392. The structure of the *o 
universal joint formed by distal end 356 of connecting 
shaft 354 and proximal end 396 of threaded shaft 392 
will now be described in detail. The structure and func- 
tion of the universal joint formed by distal end 380 of 
drive shaft 378 and proximal end 358 of connecting shaft 45 
354 is identical to the universal joint formed by distal end 
356 of connecting shaft 354 and proximal end 396 of 
threaded shaft 392 and will not be described in detail for 
the sake of brevity. 

[0112] As illustrated in Figs. 40 and 41, proximal end 
396 of threaded shaft 392 includes drive aperture 434 
having a hexagonal cross section as illustrated in Fig. 
41. Similarly, distal end 356 of connecting shaft 354 has 
a hexagonal cross section as illustrated in Fig. 45A. As 
illustrated in Figs. 37 and 42, distal end 356 of connect- 
ing shaft 354 comprises a six sided spheroid. Taking dis- 
tal most point 357 (Fig. 37) of distal end 356 as a pole 
of the spheroid, an opposing, imaginary pole is posi- 
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tioned within connecting shaft 354. To form the six sided 
spheroid of distal ends 356 and 380 of connecting shaft 
354 and drive shaft 378, a sphere can be machined such 
that a straight edged tool intersecting a first pole, e.g., 
distal most point 357, and positioned perpendicular to a 
primary axis formed by distal most point 357 and the 
opposing imaginary pole, can be moved from distal most 
point 357 toward the opposing imaginary pole while 
maintaining the straight cutting edge of this instrument 
perpendicular to the primary axis. This procedure can 
be repeated at six evenly spaced intervals about the pe- 
riphery of the sphere to form the six sided spheroid of 
distal ends 356 and 380. 

[01 13] As illustrated in Fig. 38, distal end 380 of drive 
shaft 378 is positioned within proximal end 358 of con- 
necting shaft 354 such that connecting shaft 354 and 
drive shaft 378 are not colinear. Fig. 45B illustrates a 
section of distal end 356 (which is identical to distal end 
380) taken along a line transverse to proximal end 358 
of connecting shaft 354 when connecting shaft 354 is 
assembled in cup inserter 360 as illustrated in Fig. 38. 
As illustrated in Fig. 45B, the spheroidal shape of the 
male aspect of the universal joints of the present inven- 
tion will provide linear contact surfaces for the hexago- 
nal sides of the female aspect of the universal joint of 
the present invention when the female aspect is angled 
relative to the male aspect. In this way, torque can be 
transmitted from the male aspect of a universal joint of 
the present invention to a female aspect in a nonlinear 
fashion. 

[0114] The universal joints of cup inserter 360 allow 
for transmission of torque applied to one or both of drive 
shaft handle 382 and torque handle 432 through drive 
shaft 378, connecting shaft 354, and threaded shaft 392. 
Therefore, rotation of drive shaft handle 382 and/or 
torque handle 432 will rotate threaded distal end 394 of 
threaded shaft 392 to secure an acetabular cup to 
acetabular cup inserter 360, or to allow for detachment 
of an acetabular cup from acetabular cup inserter 360. 
When securing an acetabular cup to acetabular cup in- 
serter 360, threaded distal end 394 of threaded shaft 
392 is rotated relative to the acetabular cup to engage 
the acetabular cup thereto. As the acetabular cup is se- 
cured to acetabular cup inserter 360, threaded shaft 392 
may be drawn distally through threaded shaft aperture 
422 (Fig. 39) to allow for additional exposure of threaded 
distal end 394 and provide for secure engagement of an 
acetabular cup to acetabular cup inserter 360. When 
this occurs, threaded shaft 392 acts against the biasing 
force of spring 398. This extension aspect of threaded 
shaft 392 is particularly advantageous when using a rel- 
atively small acetabular cup, which requires additional 
threads for engagement therewith, relative to a larger 
acetabular cup. 

[01 1 5] As illustrated in Figs. 37 and 39, distal end 370 
of acetabular cup inserter 360 includes C-ring groove 
374. In construction, C-ring groove 374 accommodates 
C-ring 372 (Fig. 37). With C-ring 372 positioned about 



10 



19 



EP 1 459 686 A2 



20 



C-ring groove 374, end cap 414 can be positioned about 
distal end 370 of acetabular cup inserter 360 and locked 
in place, with C-ring 372 acting to create an interference 
fit with end cap 414. When an acetabular cup is secured 
to acetabular cup inserter 360, threaded shaft 392 
draws the interior of the acetabular cup into locked en- 
gagement with end cap 414, forcing the proximal end of 
end cap 414 into secure engagement with frame 368 of 
acetabular cup inserter 360. Therefore, impaction force 
applied to impaction surface 352 will be transmitted 
through frame 368 to the acetabular cup. Impaction 
force will not be transmitted through the universal joint 
linkage described hereinabove. In one exemplary em- 
bodiment, end cap 414 is made of polyethylene. 
[0116] Fig. 46 illustrates alternative embodiment 
acetabular cup inserter 360'. Acetabular cup inserter 
360' shares many similar components with acetabular 
cup inserter 360. Components of acetabular cup insert- 
er 360' which are identical or significantly similar to cor- 
responding components of acetabular cup inserter 360 
are designated with primed reference numerals. 
Acetabular cup inserter 360* utilizes a universal joint 
linkage to transmit torque applied to drive shaft handle 
382' to threaded shaft 438. The universal joints of 
acetabular cup inserter 360' differ from those described 
above with respect to acetabular cup inserter 360 in that 
they are pinned universal joints. Because pinned uni- 
versal joints are utilized with acetabular cup inserter 
360\ U-joint linkage 448 is provided. U-joint linkage 448 
is secured via U-joint pin 450 to distal end 356' of con- 
necting shaft 354'. U-joint linkage 448 includes groove 
446 into which tab 444 of threaded shaft 438 is posi- 
tioned to allow for torque transmission to threaded shaft 
438. Tab 444 and groove 446 are sized to allow for max- 
imum extension of threaded shaft 438 from frame 368' 
as described hereinabove with respect to acetabular 
cup inserter 360. Threaded shaft 438 and U-joint linkage 
448 are illustrated in detail in Figs. 47-50. 
[01 17] Acetabular cup inserter 360* includes a locking 
mechanism for restricting rotational movement of drive 
shaft 378'. Locking lever 452 and locking shaft 454 are 
illustrated in Fig. 46 and cooperate with lifter 462 to cre- 
ate an interference fit between drive shaft 378* and 
frame 368' to prohibit rotational movement of drive shaft 
378'. Locking lever 452 and locking shaft 454 are illus- 
trated in detail in Figs. 51-55. As illustrated in Fig. 51, 
locking lever 452 includes partial cylindrical wall 464 
having locking tab aperture 456 formed therein. Locking 
shaft 454 includes locking tab 458 formed on distal end 
466 thereof. In assembly, distal end 466 of locking shaft 
454 is positioned within partial cylindrical wall 464 of 
locking lever 452, with locking tab 458 positioned within 
locking tab aperture 456 to prohibit relative rotational 
movement of locking lever 452 and locking shaft 454. 
As illustrated in Figs. 53-55, locking shaft 454 includes 
cam 460. In assembly, cam 460 is aligned with lifter ap- 
erture 470 (Fig. 46) of frame 368'. Lifter 462 is positioned 
within lifter aperture 470 atop locking shaft 454. Locking 



lever 452 includes tab 468 against which force can be 
applied to rotate locking shaft 454. Specifically, locking 
shaft 454 can be rotated until cam 460 does not contact 
lifter 462 to allow for rotation of drive shaft 378\ Similar- 
5 ly, locking shaft 454 may be rotated until cam 460 forces 
lifter 462 into frictional engagement with drive shaft 378' 
to prohibit rotational movement thereof. When locking 
lever 452 is rotated to lock drive shaft 378, lifter 462 is 
forced into engagement with drive shaft 378' and drive 
10 shaft 378' is forced into engagement with the interior 
wall of drive shaft aperture 388' to frictionally lock drive 
shaft 378'. The locking mechanism described with re- 
spect to acetabular cup inserter 360' may be applied to 
acetabular cup inserter 360 as well. This locking mech- 
*5 anism is advantageous because it will prohibit relative 
rotation between an acetabular cup secured to acetab- 
ular cup inserter 360', and acetabular cup inserter 360'. 
[0118] After locking an acetabular cup to acetabular 
cup inserter 360', drive shaft handle 382 may be rotated 
20 to rotate the acetabular cup relative to acetabular cup 
inserter 360'. This feature allows for placement of the 
acetabular cup locking mechanism in a desirable loca- 
tion to allow for revision surgery. Once the desired ori- 
entation of the acetabular cup is achieved, the locking 
25 mechanism may be utilized to prohibit further relative 
rotation of the acetabular cup relative to acetabular cup 
inserter 360' as described above. While both acetabular 
cup inserter 360 and acetabular cup inserter 360' have 
been described as utilizing a pair of universal joints to 
30 transmit torque along a nonlinear path, both acetabular 
cup inserter 360 and 360' may utilize a flexible shaft to 
transmit torque from drive handle 382, 382' to threaded 
shaft 392, 438, respectively. 

[01 19] Fig. 9B illustrates use of acetabular cup insert- 

35 er 360. To properly align acetabular cup inserter 360 for 
optimum placement of an acetabular cup, A-frame 472 
is secured via set screw 476 to alignment frame post 
390. With A-frame 472 secured to acetabular cup insert- 
er 360, A-frame 472 is positioned parallel to a coronal 

40 plane, as illustrated in Fig. 9B, with one A-frame leg 474 
parallel to a sagittal plane and one A-frame leg 474 per- 
pendicular to a sagittal plane. With A-frame 472 posi- 
tioned in this way, the optimum orientation of the acetab- 
ular cup is achieved. In one exemplary embodiment, 

45 proper alignment of A-frame 472, as described above, 
leads to an acetabular cup orientation having 20° of an- 
teversion and 45° of abduction. In an alternative embod- 
iment, an image guidance array can be secured to align- 
ment frame post 390 to allow for computer assisted 

50 guidance of acetabular cup inserter 360. In alternative 
embodiments, cup inserters 360, 360' are utilized with 
a patient in an alternative position, such as, e.g., a lat- 
eral position. In these embodiments, different reference 
frames having different points of reference can be uti- 

55 lized. 

[0120] As discussed supra, awl 106 (Fig. 12) is de- 
signed for insertion through anterior incision 44 or 44' to 
locate posterior incision 46 or 46'. Awl shaft 1 1 6 includes 
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proximal end 1 1 0 designed for insertion into handle 1 1 2. 
Handle 112 includes a longitudinal channel 120 into 
which proximal end 110 of awl shaft 116 may be insert- 
ed. Locking screw 118 is operably positioned in handle 
112 and may be actuated by locking knob 114. Locking 5 
knob 114 is utilized to place locking screw 118 in locking 
engagement with proximal end 110 of awl 106. In one 
exemplary embodiment, proximal end 110 of awl 106 
includes a flat portion to engage locking screw 118 and 
facilitate the locking engagement of awl shaft 116 to 10 
handle 112. Awl shaft 116 further includes distal end 
108. Distal end 108 is generally straight and is utilized 
to generally align with a longitudinal axis of femur 62 
(Fig. 11). As illustrated in Fig. 12, distal end 108 of awl 
shaft 1 1 6 includes a tapered end to facilitate insertion of 1 5 
awl 106 through anterior incision 44 or 44' to locate pos- 
terior incision 46 or 46'. Additionally, distal end 108 of 
awl 1 06 may be of smaller diameter than the body of awl 
shaft 116 as illustrated in Fig. 12. In an alternative em- 
bodiment, awl 106 is formed in one piece and is dispos- 20 
able. 

[0121] Referring now to Fig. 14, posterior retractor 
122 comprises three nested parts. Guide tube 124 is 
nested in reamer tunnel 126 while reamer tunnel 126 is 
nested in rasp tunnel 1 30. When posterior retractor 1 22 25 
is threaded into posterior incision 46 or 46'. guide tube 
124, reamer tunnel 126, and rasp tunnel 130 can be 
nested together to form a single unit. Rasp tunnel 130 
includes exterior threads 132 to facilitate threading of 
posterior retractor 122 through posterior incision 46. 30 
Rasp tunnel 130 includes rasp aperture 134 through 
which reamer tunnel 126 may be inserted and, in one 
alternative embodiment, posterior lip 1 28 for positioning 
posterior retractor 122, as discussed above. Reamer 
tunnel 126 includes flange 1 36 which is operable to re- 35 
tain the position of reamer tunnel 126 within rasp tunnel 
130. Reamer tunnel 126 includes reamer aperture 138 
through which guide tube 124 may be inserted. Guide 
tube 124 includes a tapered distal end 140 to facilitate 
its insertion into reamer aperture 138. Guide tube 124 *o 
includes guide wire aperture 144 through which guide 
wire 146 (Fig. 15) may be inserted. Reamer aperture 
1 38 is sized to allow insertion of end cutter 1 50 (Fig. 1 8), 
or femoral reamer 151 as discussed above. As illustrat- 
ed in Fig. 18, guide tube 124 is removed from reamer 45 
tunnel 1 26 and end cutter 1 50 is inserted through ream- 
er aperture 138. Longitudinal reamer aperture 138 is 
sized to accommodate guide cylinders 1 56 and to there- 
by provide guidance and stability to end cutter 1 50. After 
end cutting (and reaming, if desired) is complete, ream- 50 
er tunnel 126 is removed from rasp tunnel 130. Rasp 
aperture 134 is sized to accommodate insertion of rasp 
204 as well as cannular insertion member 168 of rasp 
handle 212. For surgeries which do not utilize reaming, 
the posterior retractor can comprise a rasp tunnel with 55 
a guide tube nested therein and not include a reamer 
tunnel as described above. As described above, poste- 
rior retractor 122 is not always utilized, and if utilized, is 



not always utilized in its nested configuration. In one ex- 
emplary embodiment, guide tube 124, reamer tunnel 
126, and rasp tunnel 130 are each inserted into and re- 
moved from posterior incision 46 as necessary. In an 
alternative embodiment, the tubular retractor disclosed 
in U.S. Patent Application Serial No. 09/992,639 filed 
November 6, 2001 and published as U.S. Publication 
No. US2002/0099447 A1, the disclosure of which is 
hereby explicitly incorporated by reference herein, is uti- 
lized. 

[0122] Referring now to Fig. 21, rasp handle 212 in- 
cludes cannular insertion member 168, impact surface 
1 64, grip 1 66, elongate guide aperture 202, elongate ap- 
erture 200, and engagement channel 190. Rasp 204 in- 
cludes an aperture 216 sized to receive and retain re- 
tainer 210 on distal end 208 of flexible cable 192. Re- 
tainer 210 is placed in aperture 216 and flexible cable 
1 92 follows cable channel 21 7 to exit rasp 204. Proximal 
end 194 of flexible cable 192 is inserted through elon- 
gate aperture 200 of cannular insertion member 1 68 and 
distal rasp engagement guide 206 is piloted to guide 
channel 215 of rasp 204. After exiting the proximal end 
of elongate aperture 200, proximal end 194 of flexible 
cable 1 92 may be received in engagement channel 1 90. 
Engagement channel 190 is sized to accommodate and 
retain retainer 196. After retainer 196 is operably posi- 
tioned in engagement channel 190, grip 166 may be ac- 
tuated to tension flexible cable 192. 
[0123] Referring now to Fig. 20B, retainer 196 is op- 
erably positioned in engagement channel 1 90. Attach- 
ing means 184, such as, e.g., rivets, belts, etc. are uti- 
lized to affix biasing elements 172 to grip 166 and inter- 
nal handle surface 182. Grip 166 is outwardly biased by 
handle biasing elements 172 and pivots about pivot 
point 198. Grip 166 includes tensioning member 188 
and ratchet 1 74. Ratchet 1 74 is designed for engage- 
ment with tapered end 186 of pawl 176. Pawl 176 in- 
cludes pawl flange 178. Spring 180 engages internal 
handle surface 82 and pawl flange 178 to bias pawl 176 
toward cannular insertion member 168. Actuation of grip 
166 against the biasing force of biasing elements 172 
rotates grip 166 about pivot point 198, causes ratchet 
174 to come into operative engagement with tapered 
end 186 of pawl 176, and causes tensioning member 
1 88 to contact flexible cable 1 92. Fig. 20A illustrates grip 
166 retained by pawl 176 in the closed position. As il- 
lustrated, tensioning member 1 88 contacts and tensions 
flexible cable 192, thus locking rasp 204 to rasp handle 
212. Lock disengagement knob 170 can be pulled 
against the biasing force of spring 180 to unlock grip 
166. 

[0124] Figs. 31-36 illustrate an alternative embodi- 
ment rasp handle in accordance with the present inven- 
tion. As illustrated in Figs. 31-35, rasp handle 300 in- 
cludes proximal end 302 including impaction surface 
328 (see, e.g., Figs. 32-35). Proximal end 302 further 
includes a plurality of guide handle apertures 316 into 
which anteversion handle 312 (Figs. 31 and 33) can be 
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secured. When using rasp handle 300 to seat a rasp in 
femur 62, anteversion handle 312 can be utilized to set 
the anteversion of the femoral implant. As illustrated in 
Fig. 36, proximal end 302 of rasp handle 300 includes 
three anteversion handle apertures on each side there- 5 
of. Specifically, anteversion holes 316a', 316b', and 
31 6c' are left anteversion holes, while anteversion holes 
316a, 316b, and 316c are right anteversion holes. That 
is, anteversion holes 31 6a', 316b', and 316c* are utilized 
to set femoral implant anteversion when performing a 10 
total hip arthroplasty on the left hip, while anteversion 
holes 316a, 316b, and 316c are utilized to set antever- 
sion of the femoral implant when performing a total hip 
arthroplasty of the right hip. Anteversion holes 31 6a and 
316a' are set at 0° of anteversion. Anteversion holes 15 
316a and 316a' are utilized when no anteversion of the 
femoral implant is sought. In such an embodiment, an- 
teversion handle 31 2 is connected to the appropriate an- 
teversion aperture 316a or 316a' and vertically posi- 
tioned (with the patient lying in a supine position) to pre- 20 
pare femur 62 to receive a femoral implant in 0° of an- 
teversion. Anteversion apertures 316b and 316b* form 
an angle of 7 degrees with anteversion apertures 
316a and 316a', respectively. These apertures can be 
utilized to set 7 Vfc degrees of anteversion for the femoral 25 
implant. Similarly, anteversion apertures 31 6c and 316c' 
form an angle of 15° with anteversion apertures 316a 
and 316a' and can be used to set anteversion of 15° for 
the femoral implant. For the purposes of this document, 
when referring to the angle formed by a pair of antever- 30 
sion apertures, the longitudinal axis of each aperture 
forms a line comprising a leg of the referenced angle. If 
a surgeon wants to achieve 7 Vi or 1 5 degrees of an- 
teversion, the surgeon can insert anteversion handle 
312 into the appropriate anteversion aperture and orient 35 
anteversion handle 312 vertically to achieve the desired 
anteversion. Proximal end 302 of rasp handle 300 fur- 
ther includes slap hammer aperture 344 for connection 
of a slap hammer to rasp handle 300. Slap hammer ap- 
erture 344 is provided in the event that a surgeon does *o 
not favor rasp removal by means of impacting the un- 
dersurface of proximal end 302, i.e., the surface oppo- 
site impaction surface 328. 

[0125] As illustrated in Figs. 31 , 32, and 34, rasp han- 
dle 300 includes frame 31 4 having transverse apertures 45 
322 formed therein. Transverse apertures add to the 
cleanability of rasp handle 300 and provide for weight 
reduction over an embodiment absent transverse aper- 
tures 322. 

[0126] To secure rasp 204' (Fig. 35) to rasp handle 50 
300, handle lever 304 is rotated away from frame 314 
to the position illustrated in Fig. 35. Rotation of handle 
lever 304 to this position effects proximal movement of 
second handle lever pin 334 which, consequently, 
moves linkage arm 308 and linkage arm pin 336 proxi- 55 
mally. Locking jaw 306 is pivotally secured to frame 314 
via locking jaw pin 338 so that movement of handle lever 
304 causes rotation of locking jaw 306 about locking jaw 



pin 338 and positions locking jaw 306 as illustrated in 
Fig. 35. As illustrated in Figs. 31 and 32, handle lever 
304 is pivotally connected to frame 314 via first handle 
lever pin 330. First handle lever pin 330 is positioned in 
channel 332 formed in frame 314. Placement of first 
handle lever pin 330 in channel 332 allows for proximal/ 
distal translation of handle lever 304. As illustrated in 
Figs. 34 and 35, handle lever 304 is pivotally connected 
to linkage arm 308 via second handle lever pin 334. 
Linkage arm 308 is pivotally connected via linkage arm 
pin 336 to locking jaw 306 and locking jaw 306 is pivot- 
ally connected to frame 314 via locking jaw pin 338. As 
illustrated in Fig. 32, frame 314 includes locking jaw pin 
aperture 340 into which locking jaw pin 338 is posi- 
tioned. 

[0127] To secure rasp 204* to rasp handle 300, post 
31 8 of rasp 204' is inserted into rasp handle docking ap- 
erture 326 and docking boss 324 of rasp handle 300 is 
positioned in rasp handle docking aperture 346 of rasp 
204'. Handle lever 304 is then rotated from the position 
illustrated in Fig. 35 to the position illustrated in Fig. 34. 
Rotation of handle lever 304 to the position illustrated in 
Fig. 34 causes movement of second handle lever pin 
334 from the position illustrated in Fig. 35 to the position 
illustrated in Fig. 34 and consequently causes distal 
movement of linkage arm 308, and linkage arm pin 336 
which causes rotation of locking jaw 306 into the position 
illustrated in Fig. 34, with locking tooth 342 of locking 
jaw 306 postioned within V-notch 320 of post 31 8 of rasp 
204'. If insufficient clamping force is exerted on V-notch 
320 of post 318 by locking jaw 306, then handle lever 
304 can be moved into the open position illustrated in 
Fig. 35 and adjustment screw 310 can be utilized to dis- 
place first handle lever pin 330 distally so that actuation 
of handle lever 304 into the closed position will cause 
greater distal displacement of linkage arm 308 and link- 
age arm pin 336, and, consequently, cause greater ro- 
tation of locking jaw 306 to exert additional clamping 
force on post 318 of rasp 204' 

[0128] After the final rasp is fully seated in femur 62 
as described hereinabove, handle lever 304 can be ro- 
tated into the open position illustrated in Fig. 35 to allow 
for disengagement of rasp handle 300 from rasp 204' 
so that a trial reduction can be performed with a trial 
femoral neck and head secured to rasp 204*. After com- 
pletion of a trial reduction, rasp handle 300 is reinserted 
into the body and docked with rasp 204 to allow for re- 
moval thereof. To redock rasp handle 300, tactile feed- 
back is utilized to identify post 318 of rasp 204'. After it 
is located, post 318 is positioned within rasp handle 
docking aperture 326 which is facilitated by the fact that 
rasp handle docking aperture 326 includes a female ta- 
per whereby the distal most portion of rasp handle dock- 
ing aperture 326 is larger than the proximalmost portion 
thereof. 

With post 318 positioned within rasp handle docking ap- 
erture 326, rotation of rasp handle 300 can be utilized 
to position docking boss 324 in rasp docking aperture 
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346. Handle lever 304 is then rotated from the open po- 
sition illustrated in Fig. 35 to the closed position illustrat- 
ed in Fig. 34 to secure rasp 204* to rasp handle 300. In 
the event that the proximal end of rasp 204' does not 
abut the distal end of rasp handle 300, the cooperating 
ramped surfaces of locking tooth 342 and V-notch 320 
will work to draw rasp handle 300 closer to rasp 204 until 
they are positioned in abutting relationship. As illustrat- 
ed in Figs. 31 , 32, and 35, rasp handle docking aperture 
326 includes radiused profile 348 which allows for es- 
cape of soft tissues from between rasp handle 300 and 
rasp 204' when rasp handle 300 is secured to rasp 204*. 
With rasp handle 300 secured to rasp 204', rasp 204' 
can be removed from femur 62 to allow for seating of 
the final femoral implant. In an alternative embodiment, 
an image guidance array can be utilized in lieu of or in 
addition to anteversion handle 312 to position rasp 204 
in the appropriate orientation in the femur. The rasp han- 
dles of the present invention are advantageously formed 
with a low profile insertion member heading a cross sec- 
tional area no greater than the rasps to which they are 
attached. 

[0129] Referring now to Fig. 23, provisional neck 222 
can be locked to rasp 204 utilizing forceps 220. Forceps 
220 include blade ends 230, 232. Blade ends 230, 232 
are sized for insertion into provisional head apertures 
234, 236, respectively (Figs. 24B and 24C). As illustrat- 
ed in Fig. 24A, provisional neck 222 includes locking cyl- 
inder 224 and spring 228. Spring 228 upwardly biases 
locking cylinder 224. Upon insertion into apertures 234, 
236, blade ends 230, 232 can contact tapered portion 
226 of locking cylinder 224. Actuation of blade ends 230, 
232 against tapered portion 226 causes locking piston 
224 to move in a direction opposite to the biasing force 
of spring 228. Provisional neck 222 is clamped to for- 
ceps 220 and slid in a radial direction into provisional 
neck engagement area 21 8 (Figs. 21 and 2 1 A) on rasp 
204. After provisional neck 222 is fully slid onto rasp 204, 
forceps 220 may be released, thereby allowing locking 
piston 224 to return to its locked position under the bi- 
asing force of spring 228. Rasp 204 includes circular cut 
outs 21 7 which can be engaged by locking cylinder 224 
to lock provisional neck 222 in place. 
[0130] Channels 225 (Fig. 24A) on provisional neck 
222 accommodate protrusions 219 (Fig. 21) on rasp 
204. Provisional neck 222 is slid onto rasp 204 with pro- 
trusions 219 occupying channels 225 of provisional 
neck 222. Stop 223 of provisional neck 222 abuts pro- 
trusions 219 when provisional neck 222 is completely 
slid onto rasp 204. When stop 223 abuts protrusions 
219, locking cylinder 224 may be locked (i.e., forcep 
blades 230, 232 released) so that locking cylinder 224 
engages circular cut outs 217, locking provisional neck 
222 to rasp 204. 

[0131] Figs. 56-61 illustrate operating table 400 in ac- 
cordance with the present invention. As illustrated in 
Figs. 56-58, operating table 400 is secured to base 402 
via supports 404. Operating table 400 includes a pair of 
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leg panels 412 on top of which a patient's legs can be 
positioned. Each leg panel 412 includes a buttocks door 
406. Each buttocks door 406 includes a hinge 407 as 
illustrated in Fig. 58. Hinge 407 hingedly connects me- 

5 dial side 409 of each buttocks door 406 to a teg panel 
412 so that each buttocks door 406 can be rotated be- 
tween the closed position illustrated in Fig. 59 to support 
a patient's buttocks, to the open position illustrated in 
Fig. 60, allowing a patient's buttocks to protrude through 

10 the top of operating table 400. Each leg panel 412 is 
hingedly connected to operating table 400 and, there- 
fore, is rotatable from the supine position illustrated in 
Figs. 56, and 58-60 and the hyperextended position il- 
lustrated in Fig. 61. In the exemplary embodiment illus- 

15 trated in Figs. 56-61 , each leg panel 412 includes a sup- 
port 410 useful in maintaining the leg panel in one of the 
supine and hyperextended positions as illustrated in Fig. 
61 . In further embodiments of operating table 400, leg 
panels 412 will be mechanically or hydraulically actuat- 

20 able between a supine and hyperextended position and 
include the ability to achieve nearly infinite degrees of 
hyperextension from about 0° of hyperextension, i.e., 
supine, to about 120° of hyperextension. 
[0132] Fig. 59 illustrates patient 40 including opera- 

25 tive leg 48. As illustrated in Fig. 59, patient 40 is placed 
in supine position atop operating table 400 with opera- 
tive leg 48 positioned atop one of leg panels 412. The 
non-operative leg is similarly placed atop the remaining 
leg panel 412. With the patient positioned as illustrated 

30 in Fig. 59, buttocks door 406 can be rotated into the open 
position illustrated in Fig. 60 to allow buttocks 50 to pro- 
trude through the top of operating table 400. As illustrat- 
ed in Fig. 61, leg panel 412 positioned underneath op- 
erative leg 48 can be rotated to position operative leg 

35 48 in approximately 90° of hyperextension. Buttocks 
door 406 advantageously allows the operative leg of a 
larger patient to be placed in a greater degree of hyper- 
extension than would be allowable without buttocks 
door 406. 

40 [01 33] The top surface of operating table 400 is com- 
pletely radiolucent to allow for intraoperative image in- 
tensification. Furthermore, operating table 400 is con- 
structed to be of minimal width to carry an average size 
patient thereon to allow for maximum ease of use of a 

45 C-arm image intensification system. In one exemplary 
embodiment, a system of operating tables 400 is pro- 
vided, each with increasing width to accommodate pa- 
tients of varying size while providing a table of minimum 
width to support the relevant patient. The relatively nar- 

50 row width of operating table 400 is advantageous in that 
the operating surgeon will stand adjacent operative leg 
48 while the C-arm image intensification system will be 
positioned adjacent the opposite side of operating table 
400. The relatively narrow width of operating table 400 

55 will therefore allow for optimum placement of the C-arm 
image intensification system with respect to operative 
leg 48. It is important to note that support 410 associated 
with each leg panel 412 will be sized to accommodate 
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passage of a C-arm thereabout and will be formed of 
radiotransparent material. Operating table 400 is useful 
when hyperextending the non-operative leg as de- 
scribed hereinabove. Furthermore, operating table 400 
is useful in performing the one incision minimally inva- 
sive total hip arthroplasty described hereinbelow be- 
cause the non-operative leg can be hyperextended as 
described hereinabove. 

[0134] The present invention provides for a single in- 
cision minimally invasive total hip arthroplasty. The total 
hip arthroplasty of this form of the present invention is 
prepared utilizing one of anterior incisions 44 and 44*. 
In the total hip arthroplasty of this form of the present 
invention, the acetabulum is prepared and the acetab- 
ular component is seated as is discussed above with 
respect to the two incision minimally invasive total hip 
arthroplasty. In this form of the present invention, the 
operative leg is hyperextended at least about 70° and 
the femur is prepared and the femoral implant is seated 
through the anterior incision. In one exemplary embod- 
iment of the one incision minimally invasive total hip ar- 
throplasty of the present invention, the leg is hyperex- 
tended about 75° to 90°. 

[0135] Fig. 61 illustrates patient 40 with operative leg 
48 hyperextended to about 90° of hyperextension. Use 
of operating table 400 of the present invention to allow 
for this hyperextension of operative leg 48 is described 
hereinabove. After operative leg 48 is positioned as il- 
lustrated in Fig. 61, retractors are inserted into the an- 
terior incision and positioned around the upper femur to 
allow for visualization of the bone. Advantageously, as 
operative leg 48 is hyperextended, the proximal femur 
is positioned closer to the anterior incision to allow for 
visualization of the osteotomized femoral neck through 
the anterior incision. This arrangement is clearly depict- 
ed in the supine elevational view of Fig. 62 in which os- 
teotomized femoral neck 478 is clearly visible through 
the anterior incision. After positioning operative leg 48 
as illustrated in Figs. 61 and 62, preparation of the femur 
begins. The technique used for preparing femur 62 (Fig. 
62) will depend in large part on patient physiology. Spe- 
cifically, the technique described above with respect to 
the two incision minimally invasive total hip arthroplasty 
can be used to prepare femur 62 is patient physiology 
allows for hyperextension to about 90° to allow for max- 
imum access to osteotomized femoral neck 478. If pa- 
tient physiology allows for hyperextension to only about 
75° to 80°, then an alternative technique may be utilized 
to prepare femur 62 to receive the femoral implant. Spe- 
cifically, in this latter case where hyperextension of only 
about 75° to 80° is possible, curved instruments may be 
utilized to prepare femur 62 to receive a curved femoral 
implant. 

[0136] If the operative hip cannot be hyperextended 
to about 90° then, generally speaking, direct access to 
osteotomized femoral neck 478(Fig. 62) cannot be 
achieved. With this in mind, straight instruments for pre- 
paring femur 62 to receive a femoral implant will gener- 



ally not be applicable because such instruments typical- 
ly require insertion directly into osteotomized femoral 
neck 478 coaxial with the principal portion of the femoral 
shaft. In this situation, curved preparation tools can be 
5 utilized because such tools can be inserted into the os- 
teotomized femoral neck along the axis of the posterior 
femoral bow. 

[0137] Preparation of the femur in a case in which 
about 90° of hyperextension cannot be achieved can 

10 begin by inserting a curved awl into osteotomized fem- 
oral neck 478. The curved awl will follow the posterior 
bow of the femur and begin preparation of the intramed- 
ullary canal of femur 62 to receive a femoral implant. In 
one exemplary embodiment, a curved rasp is utilized to 

15 begin preparation of the femoral canal. If reaming is de- 
sired, a flexible reamer can be inserted into the in- 
tramedullary canal of the femur to ream the same. The 
flexible reamer will generally glance off the posterior cor- 
tical wall of femur 62 and effect reaming of the intramed- 

20 ullary canal. A guide wire may or may not be utilized with 
the flexible reamer. After inserting the awl and reaming 
as necessary, a curved femoral rasp is used to complete 
preparation of the femur to receive, e.g., a curved pros- 
thetic femoral component. The curved femoral rasp can 

25 be utilized to effect a trial reduction as described here- 
inabove with respect to the two incision minimally inva- 
sive total hip arthroplasty. To perform a trial reduction, 
operating table 400 will be returned to the position illus- 
trated in Fig. 60 to return patient 40 to the supine posi- 

30 tion. Patient leg 48 again will be hyperextended as illus- 
trated in Figs. 61 and 62 to allow for removal of the final 
femoral rasp and seating of the femoral implant. 
[0138] While the method of the current invention has 
been described with reference to particular hip prosthe- 

35 ses, this is not meant to be limiting in any way and it will 
be understood that the method of the current invention 
could be used with many prosthetics, including, e.g., a 
cementless prosthesis, a hybrid prosthesis having a ce- 
mented stem and a cementless acetabular cup, a ce- 

40 mented prosthesis having both a cemented stem and a 
cemented acetabular cup, or an Endo prosthesis for re- 
placing only the femoral head. In a procedure in which 
a cemented femoral stem is utilized, the bone cement 
will generally be inserted through the anterior incision 

^5 and a bagged stem will be inserted through the posterior 
incision. If the single anterior incision is utilized, a ce- 
mented stem could be inserted without requiring use of 
the protective bag described above. 
[0139] While this invention has been described as 

so having a preferred design, the present invention can be 
further modified within the spirit and scope of this dis- 
closure. This application is therefore intended to cover 
any variations, uses, or adaptations of the invention us- 
ing its general principles. Further, this application is in- 

55 tended to cover such departures from the present dis- 
closure as come within known or customary practice in 
the art to which this invention pertains and which fall 
within the limits of the appended claims. 
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Claims 

1. An acetabular cup inserter, comprising: 

a frame; 

securing means for securing a prosthetic 
acetabular component to said frame; and 
an impaction surface, said securing means 
aligned with said impaction surface, said frame 
having an offset frame leg offset from a line 
formed by said impaction surface and said se- 
curing means. 

2. The acetabular cup inserter of Claim 1 , wherein said 
securing means comprises a threaded shaft, and 
wherein said acetabular cup inserter further com- 
prises: 

a drive linkage rotationatly connected to said 
threaded shaft; and 

lock means for rotationally locking said drive 
linkage to said frame. 



between a locked position in which said post is 
retained within said rasp handle locking aper- 
ture and a release position in which said post 
is not retained within said rasp handle locking 
5 aperture. 

8. The combination of Claim 7, wherein said locking 
jaw is pivotally connected to said rasp handle body 
and said actuating means comprises a mechanical 

10 linkage for rotating said locking jaw between one of 
the locked position and the release position. 

9. The combination of Claim 6, further comprising: 

f5 an anteversion handle connected to said rasp 

handle body. 

10. The combination of Claim 6, further comprising: 

20 anteversion means for establishing a desired 

rasp anteversion, said anteversion means con- 
nected to said rasp handle body. 



3. The acetabular cup inserterof Claim 1 , wherein said 
threaded shaft is resiliently retained in a threaded 
shaft aperture of said frame. 

4. A universal joint, comprising: 

a male aspect, said male aspect comprising a 
multiply sided spheroid; and 
a female aspect having an internal aperture 
with a polygonal cross section, said male as- 
pect positioned within said internal aperture. 

5. The universal joint of Claim 4, wherein said male 
aspect comprises a six sided spheroid and wherein 
said internal aperture of said female aspect has a 
hexagonal cross section, and wherein said male as- 
pect is rotationally fixed to said female aspect. 

6. In combination, a rasp and rasp handle, comprising: 

a rasp handle body having a rasp handle prox- 
imal end, a rasp handle distal end, and a ta- 
pered rasp handle docking aperture formed in 
said distal end; 

a rasp having a rasp proximal end, a rasp distal 
end, and a post extending from said rasp prox- 
imal end; and 

lock means for securing said post within said 
rasp handle locking aperture. 

7. The combination of Claim 6, wherein said lock 
means comprises: 

a locking jaw for engaging said post; and 
actuating means for actuating said locking jaw 



1 1 . In combination, a rasp and rasp handle, comprising: 

25 

a rasp handle body having a rasp handle prox- 
imal end, a rasp handle distal end, and a rasp 
handle docking aperture formed in said distal 
end; 

30 a rasp having a rasp proximal end, a rasp distal 

end, and a post extending from said rasp prox- 
imal end; and 

a locking jaw moveable connected to said rasp 
handle body, said locking jaw moveable be- 
35 tween a locked position in which said post is 

retained within said rasp handle locking aper- 
ture and a release position in which said post 
is not retained within said rasp handle locking 
aperture. 

40 

12. The combination of Claim 11, wherein said post in- 
cludes a notch, said notch engaged by said locking 
jaw in the locked position. 

45 13. The combination of Claim 12, wherein said notch 
comprises a V-shaped notch. 

14. The combination of Claim 11, further comprising: 

50 an anteversion handle connected to said rasp 

handle body. 

15. The combination of Claim 11, further comprising: 

55 anteversion means for establishing a desired 

rasp anteversion, said anteversion means con- 
nected to said rasp handle body. 
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16. An operating table, comprising: 

a table top; 

a leg panel formed in said table top, said leg 
panel rotatable relative to a remaining portion 
of said table top; and 

a buttocks door formed in said table top, said 
buttocks door moveable relative to said table 
top to provide an opening through said table 
top. 

17. The operating table of Claim 16, wherein said but- 
tocks door is hingedly connected to said leg panel. 



20 



25 



30 



35 



40 



45 



50 



10 



17 



EP 1 459 686 A2 




EP 1 459 686 A2 




19 



EP 1 459 686 A2 




4 



EP 1 459 686 A2 




EP 1 459 686 A2 




* 



EP 1 459 686 A2 




EP 1 459 686 A2 




FIG- 4 



4 



EP 1 459 686 A2 




FIG. 5A 




FIG.5B 



25 



i 




26 



EP 1 459 686 A2 




EP 1 459 686 A2 



76 



\ 



\ 52 



\ 



v 



: ; 9&; 



\ 



\ 



\ 



76 



V. 



48 



FIG 



28 



EP 1 459 686 A2 



O 

CO 
> 





3! 
O 

» 

CD 

CD 



EP 1 459 686 A2 




EP 1 459 686 A2 




31 



EP 1 459 686 A2 



\ 



I 



i 



\ 



AO 




FIG. 10 



' 32 



EP 1 459 686 A2 




33 



EP 1 459 686 A2 




34 



EP 1 459 686 A2 




EP 1 459 686 A2 




EP 1 459 686 A2 



\ 




- ;.v\\ \ 



\ 




\ 

\ 

\ 

I \ 
I I 
I I 
\ I 

* \ 



\ 



at 



\ Od 

\ 
\ 

w 



\ 



\ 



\ 



37 



EP 1 459 686 A2 




38 



EP 1 459 686 A2 




39 



EP 1 459 686 A2 




EP 1 459 686 A2 




EP 1 459 686 A2 




42 



EP 1 459 686 A2 




43 



EP 1 459 686 A2 




44 



EP 1 459 686 A2 




EP 1 459 686 A2 




46 



EP 1 459 686 A2 




47 



EP 1 459 686 A2 




EP 1 459 686 A2 




49 



EP 1 459 686 A2 




EP 1 459 686 A2 




51 



EP 1 459 686 A2 




52 



EP 1 459 686 A2 




EP 1 459 686 A2 




54 



EP 1 459 686 A2 




55 



EP 1 459 686 A2 




EP 1 459 686 A2 




FIG. 40 FIG. 41 



44 




45B 



416 



354 




356 



358 



FIG.43 




358 



•436 

FIG.44 




356 



FIG.45A 




356 



FIG.45B 



57 



EP 1 459 686 A2 




58 



EP 1 459 686 A2 




438 




444 



FIG-48 



r- 

50 




7o 



446 -n 



FIG. 49 




448 



464- 



452 




448 

FIG.50 



452 

/ 



456 



C 




464 



FIG.51 



FIG.52 



454 



54 



454 



«*4 / ^5 
I / 55-*+ 46C N I 
"L — 1 k x-466 



ta— 458 




>4-4 



55 



J. 





466 



458 



FIG.53 



FIG.54 FIG.55 



59 



EP 1 459 686 A2 




404 



FIG.56 



404 S 



r-i V ,'r-jji| Hi 



408' 1 



404 



FIG.57 



407 406 406 

\ I I 

" , * V''i"r 



412 



404 




400 



FIG.58 



60 



EP 1 459 686 A2 




400 



Fl G.59 



40 48 




FIG.60 



FIG.61 



61 




FIG.62 



62 



EP 1 459 686 A2 



Q 
en 



63 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(ID EP 1 459 686 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

08.12.2004 Bulletin 2004/50 

(43) Date of publication A2: 

22.09.2004 Bulletin 2004/39 



(51) Intel.': A61B 17/00, A61B 17/15, 
A61B 17/16, A61B 17/17, 
A61F2/46, F16L 27/04, 
A61G 13/02, F16D 3/20 



(21) Application number: 04250522.2 



(22) Date of Tiling: 30.01.2004 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


• Acker, Dean M. J. 


HU IE IT LI LU MC NL PT RO SE SI SK TR 


Warsaw, IN 46580 (US) 


Designated Extension States: 


• Sherman, Scott G. 


AL LT LV MK 


Warsaw, IN 46582 (US) 




• Krebs, Robert D. 


(30) Priority: 04.02.2003 US 357948 


Warsaw, IN 46580 (US) 




• Mears, Dana 


(71) Applicants: 


Loudenville NY 12111 (US) 


• Zimmer Technology, Inc. 




Chicago, Illinois 60606 (US) 


(74) Representative: Mays, Julie 


• Mears, Dana 


Barker Brettell, 


Loudenville, NY 12111 (US) 


10-12 Priests Bridge 




London SW15 5JE(GB) 



(54) Apparatus for performing a minimally invasive total hip arthroplasty 



(57) A method and apparatus for performing a min- 
imally invasive total hip arthroplasty. An approximately 
3.75 - 5 centimeter (1.5-2 inch) anterior incision is made 
and the femoral neck is severed from the femoral shaft 
and removed through the anterior incision. The acetab- 
ulum is prepared for receiving an acetabular cup 
through the anterior incision, and the acetabular cup is 
placed into the acetabulum through the anterior incision. 
In one exemplary embodiment, a posterior incision of 



approximately 2-3 centimeters (0.8 -1.2 inches) is gen- 
erally aligned with the axis of the femoral shaft and pro- 
vides access to the femoral shaft. In this embodiment, 
Preparation of the femoral shaft including the reaming 
and rasping thereof is performed through the posterior 
incision, and the femoral stem is inserted through the 
posterior incision for implantation in the femur. In an al- 
ternative embodiment, preparation of the femur is effect- 
ed through the anterior incision, with the operative hip 
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1. claims: 1-3 

An acetabular cup inserter, comprising: 

- a frame, 

- acetabular component securing means, 

- an impaction surface. 




2. claims: 4,5 

A universal joint, comprising: 

- a male aspect, 

- a female aspect, said male aspect being positioned within 
an internal aperture of said female aspect. 



3. claims: 6-15 

A combination of a rasp and a rasp handle, comprising: 

- a rasp handle, 

- a rasp, 

- lock means for locking said rasp to said rasp handle. 



4. claims: 16,17 



An operating table, comprising: 

- a table top, 

- a rotatable leg panel , 

- a moveable buttocks door. 
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